Abstract
The addition of supporting or indifferent electrolyte to a solution tends to change the value of the limiting current for an electrode react-ion. This may be because (1) the viscosity and diffusion coefficients are changed, (2) the activity coefficients and driving forces for diffusion are changed or (3) the conductivity and the driving force for migration are changed. We are concerned here with the last of these effects. For sufficiently dilute solutions the first two can be ignored.
If the ratio of the supporting electrolyte concentration to the concentration of the reactant is very large, the high conductivity suppresses the electric field, and the resulting limiting current, denoted by ID' is due solely to diffusion.
If the supporting electrolyte concentration is reduced, the electric field becomes .larger and may enhance or depress the limiting current depending upon the sign of the charge of the limiting reactant and the direction.of the current.
The ratio IL/ID of the limiting current to the limiting diffusion current is a convenient measure of the effect of migration. The mechanism of this effect has been discussed qualitatively by Heyrovsky. 5
We have calculated this effect of migration for four geometries of the diffusion layer. The reader may wish to skip the mathematical formulation and go directly to the results, which are presented in the--form of the ratio IL/ID as a function of the ratio of the concentration of the supporting ion to that of the counter ion.
Mathematical Formulation
In dilute electrolyt.ic solutions, transport processes can be described by the following four equations:
(1) (2,3:14) dt z.c. := .
-
We wish to apply these equations to analyze the effect of migration on the limiting current in four situations of interest in electrochemistry; (l) steady mass transfer to a rotating disk, (2) unsteady mass transfer to a growing mercury dropJ (3) unsteady mass transfer to a plane electrode in a stagnant fluid, and (4) steady mass transfer in a stagnant Nernst diffusion layer. The condition of electronewt-rality is the sameJ and the boundary conditions at the \ 3 electrode are similar in _all these casesJ so let us first treat the conservation.
equations to see how they can be made similar in the four cases.
Rotating Disk _In this case, the normal component of the velocity depends only on y, the distance from the disk. Consequently, c. and iP also depend onlyon yin the
'
-.
\ diffusion layer, and the current density is uniform ever the surface of the disk. Equations (l) and (2) can be combined to yield de.
For a numerical solution there would be nd fundamental difficulty in :
attacking the problem in this fo:tmJ with the use of the velocity profile calculated by Cochran. 1 Instead we shall make the same approximation as Levich 2 and use_-only the first term in the power-series expansion of v : y (1) and (2) can be combined to yield
where the radial velocity component v is related to the rate of growth of the
It is convenient to introduce a new variable y y=r-R(t), (11) the distance from the surface of the drop.
In treating the growing drop we make the sa.me approximations as are made in the derivation of the Ilkovi~ equatton3, 4 ,5. These are valid when the thickness of the diffusion layer is small compared to the size of the drop: 
If we make the coordinate transformation (11 ). and introduce these approximations, equation ( 
and assume that c. and <II depend only on this variable. Equation (12) (15)
reduces equation (17) to equation (14), that is; the same as for a growing mercury drop.
Nernst Diffusion Layer
Steady diffusion in a. stagnant layer of thickness 5 obeys the equation
One should note the similarity of equations (8), (14), and (21).
Conditions at the Electrode
Let the electrode reaction be denoted by z. 
... The Current Density
Let us define a dimensionless current den~?ity at the electrode as Then this is related to the actual current density as follows:
for the rotating disk 
The limiting "diffusion current 11 corresponds to the absence of migration and hence to the presence of an excess of supporting electrolyte or to a neutral reactant. One finds that the limiting diffusion current is expressed by ID l/r(4/3) = Lll9(3 for the rotating disk 2/J?T = 1.12838 for mercury drops.
ID l for the Nernst diffusion layer.
Numerical Solution Method
In these four cases the problem consists of a group of coupled, non-linear differential equations with boundary conditions at zero and infinity or at zero and one. These equations can be linearized about a trial solution producing a series of coupled, linear differential equations. In finite difference form these give coupled, tri-diagonal matrices which can be solved readily on a highspeed, digital computer. The n0n-linear problem can then be solved by itera-· tion. A total of one hundred mesh points was used. This method failed to converge to a solution when the conductivity near the electrode was very small, for example, for discharge of cations from a solution with very little supporting electrolyte.
Results
In the calculations reported here, limiting ionic conductances at 25° were 6 taken from Conway's tabulation , and it was assumed that the Nernst-Einstein relation is valid.
D.
l RT u. than ten percent unless the supporting electrolyte and the product of the redox reaction are eliminated from the bulk of the solution (see last entries in Table I ). It makes very little difference whether the electrode is a rotating disk or a growing drop or whether the supporting electrolyte is NaOH or KOH; therefore 7 only one set of curves is plotted in figure l. Table II shows the effect of migration fbr the discharge of cations. Here the effect can be very large 7 easily a factor of two:; since the electric field becomes very la.rge in a solution of' a single salt at limiting current.
The effect is perhaps most dramatic for discharge of hydrogen ions from A -equimolar K3Fe(CN)6 and K4Fe(CN)6 plus added NaOH.
B-no KOH or NaOH and no Fe(CN)~-in the bulk solution.
C -no KOH or NaOH and no Fe(CN)~-in the bulk solution. symbol for the electron.
-Faraday's constant (coulomb/equiv. ), current density (amp/ cm 2 ).
-dimensionless current density.
-symbol for species i.
-number of electrons transferred in electrode reaction.
-flux of species i (mole/cm 2 -sec).
-radial di,stance in spherical coordinate.s (em).
-concentration ratio.
-radius of mercury drop (em).
gas constant (joule/mole-deg K).
-, stoichiometric coefficient in electrode reaction.
-time (sec).
-temperature (deg K).
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-mobility of species i em -mole joule-sec .
-fluid velocity (em/sec).
-distance from electrode surface (em).
-charge number of species i.
-constant in rate of growth of mercury drops ( cm/sec ·-v-kinematic visc'osity (cm 2 /sec).
¢ -electrostatic potential (volts).
n-rotation speed of disk (radians/sec).
